The paper gives an outline, with examples, of various statistical methods which may be of special use in psychiatry.
Section of Psychiatry
President-Professor AUBREY LEWIS, M.D. [June 10, 1947] The Importance of Statistics in Psychiatry (1) Actuarial data.-The simple accumulation of accurate figures on the ages of patients, their diagnoses and length of stay in hospital or under treatment for mental illness is of great value in understanding the scope of psychiatric problems. The age and sex incidences which correspond to different disease groups are very characteristic. Such material has value in the estimation of the results of therapeutic experiments but special methods have to be devised. as there is no exact prototype in standard vital statistics or in work on therapeutic trials.
(2) Biometric techniques.-Knowledge of ordinary statistical practice guards against elementary errors and aids in establishing significance or otherwise of metrical deviations from the normal found in mentally ill subjects. Also the range of variations may be much more marked in abnormal than in normal groups. Furthermore, abnormal reactions in themselves may be characterized by either too much or too little variety, i.e. by scatter or by stereotypy.
Discrimination between normal and abnormal reaction can be based on a single quantitative measurement, on difference in variance or on a compound measurement, i.e. pattern or profile. The discriminative approach has advantages over other methods because in this approach the initial factors are concrete and based on known classes such as males and females, children and adults, special clinical types, &c.
(3) Genetical analysis.-Actuarial data can be useful in genetic studies by leading to estimation of population frequency of genes and consanguinity rates. Moreover, combined clinical and genetical observations can reveal the existence of new clinical entities.
REsuMmE.-Cet article expose dans ses grandes lignes les diverses methodes statistiques qui peuvent etre utiles en psychiatrie, avec quelques exemples.
(1) Donnees actuarielles.-La simple accumulation de donnees numeriques exactes sur 1'age des malades, les diagnostics et la duree de leur sejour ia 1'h6pital ou de leur traitement pour une maladie mentale a une grande valeur en faisant comprendre la port6e des problemes psychiatriques. Les incidences selon l'age et le sexe des differents groupes de maladies sont tres caracteristiques. Un tel mat6riel est utile pour l'evaluation des resultats des essais therapeutiques, mais il faut trouver de nouvelles methodes, car il n'existe pas de prototype exact dans les statistiques vitales generales, ni de travail sur les essais therapeutiques.
(2) Techniques biornitriques.-Une connaissance de la pratique statistique ordinaire permet d'eviter les erreurs elementaires, et aide a reconnaitre si une deviation de la normale chez un malade mental est significative ou non. I1 est aussi possible que 1'etendue des variations soit beaucoup plus grande dans les groupes anormaux que dans les groupes normaux. De plus, les reactions anormales elles-memes peuvent etre caract6risees par trop ou trop peu de variete, c'est a dire par la dispersion ou par la stereotypie.
La distinction entre les reactions normales et anormales peut etre bas6e sur une seule mesure quantitative, sur une difference de variation ou sur une mesure composee, c'est a dire un groupement ou un profil. La methode differentielle a 1'avantage sur les autres methodes que les facteurs initiaux sont concrets et bas6s sur une classe connue, telle que hommes ou femmes, enfants ou adultes, types cliniques sp6ciaux, etc.
(3) Analyse ge'netique.-Les donn&es actuarielles peuvent etre utiles dans les etudes g6ndtiques, en menant a 1'estimation de la fr6quence des genes et de la consanguinite dans une population. En RESUMEN.-El articulo presenta un sumario, con ejemplos, de los varios metodos estadisticos que pueden tener una aplicacion especifica en la psiquiatria.
(1) Datos actuarios.-Para concebir el alcance de las problemas psiquiatricas es de gran servicio la simple acumulaci6n de calculos seguros sobre las edades de los enfermos, sus diagnosis, duraci6n de detenci6n en hospital o bajo tratamiento para enfermedad psiquiatrica. Son muy caracteristicos la edad y el sexo de incidencia correspondiendo a varios grupos de enfermedades. Tales datos tienen valor en el aprecio de los resultados de experimentos terapeuticos pero metodos especiales se tienen que proyectar, pues no hai un prototipo exacto en la estadistica demogrAfica normal o en los estudios sobre pruebas terapeuticas.
(2) Tecnicas biometricas.-EI entendimiento de los metodos estadisticos corrientes previene los errores elementales y asiste en establecer la significaci6n o no de desviaci6nes metricas de la normal que se encuentran en los casos psiquiatricos. Tambien puede ser mucho mas marcado el grado de variaci6nes en los grupos anormales que en los normales. Ademas, las reacci6nes anormales pueden ser si mismas caracterizadas por demasiados o de menos variedades, i.e. por dispersar o por estereotipar.
El discernimiento entre la reacci6n normal y anormal puede ser basado sobre una sola medida cuantitativa, sobre diferencia en variaci6n o sobre una medida compound, i.e. un ejemplar o un perfil. El acercamiento discriminador lleva la ventaja sobre otros metodos que en este los factores iniciales son concretos y basados sobre categorias conocidas como var6nes y hembras, ninios y adultos, tipos clinicos especiales, etc.
(3) Andlisis genesico.-Los datos actuarios pueden ser uitiles en los estudios genesicos conduciendo a el cAlculo de la frequencia de los genes y la proporci6n de consanguinidad en la poblaci6n. AdemAs, observaci6nes clinicas y genesicas pueden juntas descubrir la existencia de neuvas entidas clinicas.
(1) Actuarial data.-It is a standard practice in medicine to inquire into the age and sex of every patient, to ascertain the time of onset of the disease and to record previous attacks. In psychiatry, the onset of symptoms is often very difficult to determine but there are two mitigating circumstances. Since mental illness often lasts many years-or a large part of a lifetime-the exact date of onset is of less importance than the epoch of life in which it commences. Furthermore, in serious illness, which necessitates hospital treatment, exact dates of admission and discharge are capable of being recorded automatically. It is surprising how little use has been made in the scientific study of psychiatry of the simple actuarial material relating to mental illness. Reports of the Board of Control forty or fifty years ago were full of interesting information about the ages of patients admitted to mental institutions but presumably this was thought to be of insufficient value more recently and has been dropped. Especially in his early editions, Stoddart (1926) discussed such statistics at length; few more modern texts, however, give any space to them. The elementary accountancy of numbers of patients under hospital care (or under treatment at clinics) is of great sociological as well as of clinical interest. I propose to cite examples of this and other statistical points in connexion with psychiatric problems and I must apologize if most of them are drawn from my own observations: such examples are naturally most easily available to me.
It is a matter of common knowledge that only a small proportion of the mentally ill or defective persons in the general community are actually certified. The proportion so dealt with depends upon the degree of development of the mental health services. Some years ago I compared statistics from all countries in the world for which figures were available, and came to the conclusion that the amount of attention paid to mental health was inversely proportional to the amount of serious crime (Penrose, 1939) . Very roughly, two beds in a mental hospital made one prison cell unnecessary. As prisons cost twice as much as mental hospitals per inmate, there is approximate economical equivalence but social advantage is presumably with the hospital beds.
In the case of mental deficiency much could be learned if we knew the age grouping and intelligence distribution of all institutional cases. Table I shows a rough estimate of the 1/10 distribution based on surveys of general and institutional populations. One can say that probably one-third of all idiots in the country are under institutional care, one-sixth of all imbeciles but only one-twentieth of all feeble-minded; and of the borderline cases only an extremely small fraction. It is evident that some very strong selective mechanisms determine just which cases shall be cared for and which left in the community. Undoubtedly, those whose families are in poor circumstances contribute an undue proportion of cases and, furthermore, patients with behaviour disorder added to defect are concentrated in the institutional group. Turning to the mentally ill, an elementary example of the value of actuarial data is the difference found in proportions ofdiagnoses according to whether we consider first admissions or resident populations. The trends are shown in Table II (Duncan et al., 1936) . The longer a patient stays in hospital the more likely is he to be a diagnosed schizophrenic, even if he did not start with this diagnosis. In general, diagnosis in psychiatry is so elusive that the age and sex of patients on first admission, which is a very good guide, cannot be neglected. The cases fall naturally into four classes, which have their maximum frequencies in the four double decades 0 to 20, 20 to 40, 40 to 60, 60 to 80. The classes are, mental defect, schizophrenia, affective psychosis and organic psychosis. Fig. 1 The use of statistics in estimating effects of toxins, drugs or therapeutic procedures has produced a considerable level of accuracy in animal experiments but in medical practice the problem of finding adequate control populations often prevents reliable conclusions from being reached. About 1930, Park suggested a method of assessing the value of pneumonia antisera by making out standard tables of recovery rates in pneumonia, taking into consideration a variety of important points such as age and sex of patient, length of illness, temperature fluctuations, cyanosis, blood picture and so on. Very large numbers of cases are needed in such a control group to match every significant peculiarity of a specially treated case and, in the treatment of mental illness, the problems are even more difficult. In one respect, however, we are lucky, because, as I have tried to demonstrate, age of onset, which is closely correlated with age on first admission, is a good index of diagnosis. We can, if we have good statistical records, find out the chances that a patient, first admitted at any given age, will be found on the books of a mental hospital at any subsequent point in time.
The calculation of this chance has no prototype in vital statistics because the patients are frequently discharged and subsequently readmitted-often to a different hospital. Only a central register can take care of this circumstance. Tables which were prepared in the Ontario Department of Health to establish the chances of remaining in hospital for all types of patients (Penrose and Marr, 1943) were, to my mind, extremely interesting. A summary of the most important results is given in Table IV . The method involved one serious omission, in that there was no exact way of allowing for the difference in mortality rate of psychotic and non-psychotic subjects outside the hospital. As they stand, these norms of expected chances of remaining in hospital are, I believe, accurate, but one cannot tell from them, when a patient has not returned after a period of time, whether this is because he has been cured or because he has died. Thus, while comparisons could be made between expected and observed cases in hospital after treatments of various kinds, if a treatment should tend to shorten patients' lives, this would appear on the favourable side of the ledger. Fortunately, examination of known individual cases did not suggest that this was a source of error of any significant magnitude in comparing treated cases with the control population. The comparison of observed and expected numbers of specially treated cases could be made, after separate tables had been compiled for different intervals between first admission and beginning of treatment for both sexes. The types of readings finally obtained are shown in Table V . First admission age, sex, interval between All cases 100 0 43-9 50-0 -6-1 first admission and special treatment and interval since such treatment was observed in each member of the special treatment group (a) and was matched in the control group (b).
The figures indicate clearly that quite good results were obtained after three to four years by shock therapy in cases of psychosis with late onset but no appreciable effect was obtained by all the vast amount of work with coma or convulsion therapy done on the cases of early onset, the majority of whom were diagnosed schizophrenia. Some careful observers have considered these results too pessimistic (Freudenberg, 1947; Mayer-Gross and Slater, 1947) . The main point of difference between the method described here and those in general use is the discarding of diagnosis for purposes of matching in favour of unbiased facts about dates and ages of patients.
(2) Biometric techniques.-The scientific study of mental disorder is partly a matter of recognizing qualities of ideas and of behaviour in patients, which we call pathological. As in other branches of medicine, we also recognize physical disturbances and, in so far as psychiatry is concerned, especially those bodily disturbances which are accompanied by mental changes, e.g. G.P.I., mongolism, hypothyroidism, &c. When the difference between the normal and the pathological is gross, no difficulty is experienced in making decisions but, unfortunately, many signs are only slight and merely give indications of trends. Moreover, one sign is not usually enough to determine the presence of a disease process and we need to add up the evidence from a variety of observations and weigh it before coming to a decision. It is sometimes convenient not to rely upon "all or none" qualitative judgments of presence or absence of signs but to use characters which are capable of being arranged in an ordered series and, in the extreme case, to take actual measurements. Thus, we may estimate the basal metabolism, the blood cholesterol or bromide content or the length of a set of numbers which can be repeated from memory. For example, mental defect is defined as social failure but a main symptom is failure on intelligence tests. The normals and abnormals overlap but, as Pearson first showed, physical measurements give much poorer discrimination. To distinguish the limits of normal on the basis of distributions is typical of modem statistical teaching and it is of course done by ascertaining the probability against such and such a deviation being due to a chance fluctuation. I need not exemplify this point, since the theory of statistical estimation and calculation of sampling error is fully dealt with in standard works. It is perhaps worth noting how necessary it has become for even psychiatrists to have a passing acquaintance with these fundamental principles. Elementary calculations enable the probable significance of the difference in the mean admission ages of males and females in Table III to be established. I wish, however, to draw attention to some peculiarities common in psychiatric data, which require special care in their statistical treatment and to which few academic statisticians have paid much attention. The problem arises in connexion with certain characteristics of the psychotic state. It was observed by Jung and others that, whereas normally, stimulus words led to reaction words which had a limited degree of variation, abnormal subjects gave bizarre responses, repeated the stimulus word or failed to respond altogether. Kent and Rosanoff (1910) attempted to classify word responses by their improbability and to score unusual words as abnormal. But it is also true that too obvious a reply may be abnormal, e.g. the repetition of the stimulus word. The stereotyped response, due to a tendency to perseveration or whatever it may be called, is just as important as the tendency to extreme dispersion. That is to say, in statistical terms, in mental disorder the variance of the reactions is usually increased but also it may be diminished. Increased variance is well known in the tendency for neurotic children to show "scattering" in intelligence test scores (e.g. the Binet). In reaction time measurements, while it has been shown that many mental illnesses lengthen the time between stimulus and response, extreme anxiety to do the test properly can produce abnormally rapid reactions, which can even precede the expected stimulus. The same statistical picture arises in an even more general form, when we consider the Freudian hypothesis, that repression may give rise either to overreaction or to failure of reaction. These characteristics of the disordered mental state lead to problems of statistical estimation of a very interesting type and, if they are not carefully watched, may cause investigators to neglect important information. For example, on the results of personality tests of the questionnaire variety and even on those with more elaborate techniques like the Rorschach, many abnormal subjects and often just those whom we desire especially to detect, give normal scores. Perhaps some of these scores are just a little too normal and this underreaction tendency can rarely be detected by the usual methods of scoring.
To illustrate the point concretely I take an example of a simple test given to a few normal and psychotic subjects. Each subject was required to tap as quickly as possible (for twentyfive seconds) on a metal plate. The taps were electrically recorded on a revolving drum and each hand was given a trial. The scores were plotted as shown in fig. 2 some were quite within the normal limits. However, the range of speeds among the patients was much wider than among the normals. Each individual record was also analysed for irregularity or scatter. Normally, there is a certain amount of irregularity due to fatigue and other causes, which can be estimated by finding the degree of variation from second to second in the ordinary way by a mean square method. When the same analysis was made for abnormals it was found that, though the average amount of scatter was the same as before, the range of scatter was much wider. To obtain the greatest possible diagnostic advantage out of such a test we need a function which will measure the distance in all directions from the centre of the normal group. Thus, records with slow rates and records with too little or too much variation are all suspected of being abnormal. If we try to distinguish between normal and abnormal subjects in such data as these, by ordinary methods, no use can be made of the fact that two groups differ in range. It is, however, easy to devise methods which will do so efficiently .
A great deal of work has been done recently on the analysis of measurements of all kinds in psychiatric work. On the physical side, the stimulus of Kretschmer is still felt. It is now realized, however, that neither the mentally ill nor the normal can be clearly divided into two or more types. The distributions of all measurements or of their combinations tend to be continuous. The present fashion is to search for factors rather than types but analysis by the Spearman-Thurstone method does not necessarily lead to the discovery of factors which are of clinical or genetical interest. As Thomson has pointed out, the factors obtained are determined by the tests and any three tests will produce a general factor of some sort. All the argument about the existence or otherwise of "g" would be avoided if we started with a definition of intelligence as that which normals have and defectives lack. Then each test of intelligence would stand or fall by its ability to discriminate defectives from normals. A good test then can be used with known precision as part of our clinical armoury to diagnose and investigate cases as they arise in practice. From the point of view of research, it is always advisable to proceed from the known to the unknown and, thus, to start with known differences, e.g. between normals and defectives, between the sexes, between normals and neurotics or between different types of diseases. We can then apply the discriminating qualities extracted from these known types to unknown conditions. It is perhaps a good thing that we do not have to rely upon the results of factor analysis for the diagnosis of syphilis. Terman and Miles (1936) have set up an ingenious test which discriminates quite well between male and female normal reaction types. There are several parts to the test; one part is a "controlled association" test which uses ink blots. Males score significantly more than females if the answers given by normal males are considered to be the correct ones. By applying the same standardized test to any subject we can measure the degree of maleness or femaleness in the reaction. Such tests may have considerable value in psychiatry where homosexual overt or latent tendencies are extremely important in symptomatology. Almost any mental or physical measurement can be used to some degree as a discriminator between different types. For example, the Canadian Army M-test is a battery of 8 sub-tests; picture absurdities, paper form board, mechanical information, arithmetic and verbal tests are included. Normal males did better in some parts of this test and normal females in others. A combination of the weighted scores on four of the sub-tests gave quite a good separation of males and females (Beall, 1945) , either by using Fisher's complete solution method or by a simpler method, which reduces a system of any number of measurements to two factors which can be called size and profile.
Similarly, the M-test, like any mixed battery, could be scored for psychosis versus normals by suitable weighting of sub-test scores. The profile of success and failure of mentally ill subjects showed all the well-known features. Tests involving uncritical reproduction of past experience, vocabulary and arithmetic, were fairly well done but absurdities were found very difficult for such subjects to detect (Penrose, 1945) . Direct weighting of sub-test scores on the basis of this profile led to a fair discrimination. A profile is here defined, for statistical purposes, as any set of weights (applied to test scores expressed in terms of their sigmas) which add up to zero. More critical discrimination can be obtained if the fact is used that the general scoring level in psychotic subjects is usually diminished below the normal. But there are some advantages in considering profile and intelligence level (or size) separately. These are two compound characters which can be used for discriminative purposes separately or in combination. Another type of test, a verbal controlled association test, was tried out in a similar way by Neal (1942) . There were 30 items and a complete Fisher solution, such as was used successfully by P. Slater (Bennett and Slater, 1945 ) on a battery of questionnaires, would have been impracticable. However, scoring level (the size measurement) and profile weighting both gave good differentiation in normal and abnormal subjects and Smith (1947) showed how differences in variances could also be used in combining the two factors.
Discriminative measurements, of course, need not be compound tests like those derived from profiles but can be single measurements like stature, weight, and so on, or ratios like cephalic index or stature divided by chest diameter (Rees and Eysenck, 1945) . Having ascertained that they differentiate two groups well, we can then measure any person and inquire to which end of the scale he has the greater affinity. When a male-female test has been set up, we can test a patient and find whether he deviates in any direction from the normal for his sex. Very tentative experiments with the sex profile of the M-test, used as a discriminant between males and females, gave somewhat surprising results. This led me to a theory which I should like to see tested further. It seems that schizophrenics are fundamentally too feminine. Looked at in another way, cases of relatively early onset have intersexual tendency and those of late onset perhaps normal sexuality or supersexual tendency.
(3) Genetical analysis.-In conclusion I would like to draw attention to the value of statistical inquiry in the elucidation of the genetical background of psychiatric phenomena. With genetical characters it is of the utmost interest to know their frequencies in the population, since different frequencies involve different properties. It is desirable to know the frequency of cases of Huntington's chorea, for example, and, in addition, subsequent inquiry, case by case, could elicit how many cases were sporadic and in how many cases a parent was affected. From such data an estimate of mutation frequency could ultimately be made. Diseases due to rare recessive genes can be detected by finding an increased consanguinity rate in the patients' parents. Inquiries have been carried out by Bell (1940) on data from general hospital admissions and by Munro (1938) on mental hospital admissions. Among the mentally defective patients the incidence of consanguinity in parents is particularly illuminating and indicates that some types of cerebral diplegia and microcephaly are due to single recessive genes (Duff and Dingee, 1941) .
As previously mentioned, an objection to the method of factor analysis is that the entities which are deduced do not necessarily agree with clinical or genetical factors. Having established a factor, one can, of course, test it genetically by examining families. It is methodologically much more direct first to measure the same trait or set of traits in sibs or other relations and to find out by genetical analysis which traits are likely to be of significance. In its most elementary form the method would involve finding how far disease types are constant in different members of the same family. It would be useful to take, for example, instead of a random sample of men, a random sample of brothers. Genetical likeness, which can be observed in persons who have blood relationship, can be used as a means of grouping disease entities in psychiatry. Genetical differences are factors which should be used as the basis of discrimination between types.
